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INFLUENCE OF EXTERNAL WINDS AND CLOUDINESS
ON THE TRANSITION LAYER ABOVE NOCTURNAL
VALLEY DRAINAGE

Montie M. Orgill* and Suinner Barr
Los Alamos National Laboratory
Los Alamos, New Mexico 87515

1. INTRODUCTION

studies of locally-driven drainage wind systems in a variety
of valleys have demonstrated that, although these circulations
are often dominated by the local thermodynamies, they are sel-
doin completely decoupled from the ambient atmosphere above
the ridge top. In the extreme. strong winds and turbulence in
the ridge top regime may overpower the lacal circulation and
climinate the thermal gradients that drive it. However, even un-
der more idea! drainage conditions we have observed differences
in the depth, magnitude, and structure of the drainage wind
that can only be the resuit of imponed influences of the external
metcorology.

Past observations in mountain valleys during nighttime
drainage conditions shiow the existence of a dynamically active
transition layer between the locally-driven drainage flow and the
upper free stream airflow (Davidson and Rao 1957, Intera 1976,
Orgill and Schreck 1985). ‘T'he height variations in this transi-
tion layer are analyzed with respect to external wind conditions,
cloundinras, and weather. Data sots from the 1982 .ud 1984 De-
parument of Energy’s Atmospheric Studies in Complex Terrain
(ASCOT) fi=ld experimants in Brush Creek Valley, (ol yrado nre
used in this analysis of the transition layer,

The field experimental data of the 1982 and 1984 ASCO'T
field programs were wot designed specifically Lo study the tran.
sition layer abeve the nocturaal dreinage. Tu this respert this
study is of a peeliminary nature and the results are directed 10
ward assisting future fiedd wnd compnter modeling studies of the
transition laver,

2. ODSERVATIONAL MODEL

Figure 1 depicts a simple observational maodel used for defin
ing the transitlon layer as applied in this study, "The bare heigh
of the transition laver (or depth of the drainage layer) is defined
ax that height where the wind specd decreanes ta a minimum
ant| where the wind dneetion changes significantly (= 45%) frem
the downvalley direction. AU timas, the transition layer is mogn
complicated, but these riteria apply in the majority of wind
profiles examined in this study,

The purpose of this stu ly is to document the impact of ey
teenal wind conditions, eloudiness, and weather on the drainagye
witnd and explore the mechaninme of interaction, We have uned
a number of diagnostic woly to achieve this purposs Ineludiog,
the height of the transition baze, along.vidley streamlines, and
cros valley wind components, ‘The external wind field varles in
response to A number of deiving fotces typical of mountalnous
terradn Including synoptic pressure gradients modulatod by the
peneral topographie setting and thermally driven roglonal seale
cireulations resalting, from the offeets of the major featvres of the
wistorn slope of the Rocky Mountains, The transition laye; i
osflueneed by a vadety of distorthon and mixing processes elnd
ing Internal gravity waves, rators and turbulence fn the ambnent
Now, and eddies Inducsd by winds serons the ridges,

The role of clondiness and weather on the transition layer
depends upon sky coverage, clond types, cloud height, and pre-
cipitation, These factors influence the transition layer through
outgoing (longwave) radiation L.*, which is a function of sur-
face and air (cloud) temperature, emissivity, precipitable water
vapor, and clouds.

3. EXPERIMENTAL DESIGN AND DATA

This study uses tethered balloon, tower, radiation, and Li-
dar data from the 1984 ASCOT field program and tethered hal-
loon and tower data from the 1982 ASCOT field program con-
ducted in Brush Creek Valley in western Colorada. The Drush
Creek Valley is a 25 km-long-valley that flows into Roan Creck
Valley, 55 kin NNE of Grand Junction, Colorada. The valley is
ariented NW to SE, is 650 in deep at its lower end, has sidewalls
with slopes of 30-40 degrees, and haa a valley loor which drops
14 m per km,

Tethered balloon profiles were measured in the valley from
seven sites in 1982 and cloven in 1984. lowever, not all these
sltes were useful for this study because of their locations and
the fact that a number of wind and temperature profilss did
not extend through the full valley depth. Thus data from three
tethered halloon sites (ATDIL, SNL, WI'L) were nged in 1082
and‘five (WPL, LANL, CSU, LLNL, PNL) In 1981, These & 108
were located near the conter of the valley at different distances
along its axis. Additional characteristics of the tethered halloon
sites are discussed by Clements and Arclinlota (1987).

Wind velocity, temperature, and net radiation data from
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three meteorological towers were used to help define the drainage
nights of July-August 1982 and September-Qctober 1984 and
to evaluate drainage under differen: rildge wind directions and
speeds, valley stability, and weather conditions. The measure-
ment aites consisted of one tower on the valley floor aud towers
on the northesst sidewall and mesa top, .5 and 600 m above
the valley floor, respectively. The instrumentation and data col-
lection are described by Gudiksen (1985). Hourlv-averaged data
were obtained continuously between July 1982 and January 1085,

The effective outgoing (longwave) radiation L. was obtained
from two DBowen ratio stations operated in the valley in 1981,
These two gites were lacated in the valley approximately 3 ki
and 7 km from the mouth of the valley. The upward total hemi
spherical radiation (Lup) was measured with miniature ot ra.
diometers modified to include a black hody cavivy in place of
the upper hemisphere. The temperature of the ravity was mea
sured wlh a constant current source. Net padiation (Q°*) was
also measured with miniature net radiometers, The downward
flux of long wave radiation (I, down) was estimated ais a residual
from the computed radiation bdance. Av night, L* is the same
as Q*. For additional details see \Whiteman ¢t al. (1987).

Information on clondiness and weather was obtained fiom
the hourly observations taken by the National Weather Serviee
at Grand Junction, Colorado. Daxtime observations of cloudi
ness and weather were taket in rush Creek duting the 1981 ex
perimental period but these observations seldom extended into
the nighttime houra, Clondiness and weather conditions vary
between Grand Junction and Bru-h Creek Valley but the Grand
Junction data was the hest coniint ous jnformatien available,

In the 1984 ASCOT exprriments along-valley and cpons
valley wind structure of the norturnal drainage was measired
by the Wave Propagation Labotatary's pulsed infrared Doppler
lidar (Post and Neff, 1986). Measurements were made every half
hour from 2300 MST 1o 1100 MS'T. Thew dana Bave also oo
used to study the properties of the transition iegion e the valley,

4, ANALYSIS AND RESULTS
L1 Cloudiness, Weather, and Raeiation Data

The Angstrom ratio L*/hup was selected ae w0 radiation
parameter for thin study. This ratio expreses the leakage of
long- wave encrgy througn the atimosphete window cansed by
the incomplete emissivity of atmospheric gases, 10 s elatively
large in dry air and in the afternoon (020 0.10), but whey
atmospherie emiasivity increases hocanse of clowd (oanation ot
increasing molsture, the ratio deceeases 1o helow .10 and ap-
proaches zero (Milleg, 19%1). The Angstiom patio was caleulated
overy half hour theough the pericd September 16 to October 6,
LON4 {or the two valley atations, A plot of the average ratio from
the two stations, tower wind and temperatures, Grand June
tion clond cover, and weather (Hisl Cowk clowd cover and
weather when available) defined the mghts of good, poor, and
o drainage,

A summary of the averape valley Avestiom tatio, PN av
orage baae level transition heglits hetween 2200 wnd 0600 MS'T,
atul cloudiness analyrin in shown fn Table T Phere s not mopgood
correlation between hourly values of the Anpatrom ratio and the
drainage layer except that relatively high ratios generally cor
reapond with the desper drainapge layers. Most good drainage
nights In Brush Croek have with averape Anpeivom ration of
0,10 and abave and coud cover of less than S/ 10 There were,
however, dealnage nights with Fawer tatios anil wt feast two of
these nights wllowed pamy pennds (Sept 16 17, o 5 6) when
restdual molsture 1n the vallev may Yave comtnbned 1o the lower
ration. An Angstrom ratio above (.10 and clear skios was not

always associated with good drainage conditions. Frontal pas-
sages and strong winds (Sept 27-28, 28-29) resulted in high ra-
tios (> 0.15) but poor drainage. The effect of cloudiness on the
transition height could not be evaluated properly because of the
small data base and lack of nighttime cloud cover observations in
Brush Creek Valley. However, there are some indications from
the available data that broken to overcast cover of middle or
high clouds (Ac, Ci, Cs) does not have a significant effect on
the drainage layer, especially if the drainage develops prior to
an increased clond cover (Sept 30-Oct 1, 1984).

4.2, Ambient Wind Elfeets

The base height of the transition layer was estimated by
using the criteria of the observational madel. Ileights were de-
termined for each hour and each tethered balloon site for wind
profiles that extended to ridge levels and higher. ‘I'he transition
heights were determined for six nights (Sept. 17-18, 19-20, 25-
26, 29-30, 30.0Oct.1, Oct 5-6) during 1984 and three nights (Jul
S0 31, Aug 44, Aug 5-6) in 1982, Transition height estimates
were limited to 3 to 6 a night in 1982 beeause of the limited
height of the wind profiles. In 1984, tethered balloon profiles
did not commence until 2300 MST.

The transition base heights were correlated with an average
wind spred and direction caleulated between 600 and 700 m from
vach tothered balloon profile. Plots of traasition height versus
average wind apeed, along-valley wind speed, cross-valley wind
speed, were made to show which correlation best represented the
data,

Figure 2 shows a scatter diagram of the average wind speed
within the 600 and 700 m layer and the base height of the transi-
tion layer for five of the tethered balloon sites and for four 1984
experimental mghts. The relationship between these Ligher level
winds and the transition height is approximately linear with a
correlation coeflicient of .69 and standard error of estimale of
77 m. Correlations of the tranmition height with cross- and
along-valley wind componenta, Fronde number, and the cross-
valley Frouda nmnber were na larger. The intercept for a zero
tidgo-top wind speed is Interesting, becaus: it surgests that in
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the absence of external influence the drainage wind will fill the
valley.

An attempt to improve the correlation was made by using
a Froude number based on temperature and wind data from the
600 to 700 m layer. Thus,

v

Fr=3n

N
where I/ is the average wind speed in the 600-700 m layer, N is
the Brunt-Vaisala frequency, and 1l is 100 m. The Brunt-Vaisala
frequency is calculated as

1/2

where 8 is potential temperature.

Tower data (Gudiksen, 1585) were used to extend this anal-
ysis to periods beyond the experimental nights of 1904, ‘Temper-
ature. wind, and net radiation data for the three meteoralogical
stations were plotied with respect to time and height for 17
nights between September 16 and October 3, 1984 ard 3 nights
hetween July 30 and August 6, 1982, Au hourly Frande number
was calculated between 1500 and 1000 MS'T nsing equations (!)
and (2), the temperature data from the valley sidewall tower, and
ridge tower and the ridge wind speed. A data base of the tower
derived Froude number and N, and PN transition height data
and the transition base height for the PNI, tethered balloon site
was constructid for eight nighta. The transition height measnred
at the PN L site was used becanse it was near the tower sites, The
tower Fronde number and ridpe wind veloeity provided a methodl
for estimating transition heights for seleeted non-experimental
nights that showed indications of deainage conditions.

The cesults based on the tower Froude number and PNIL
transition height are shown in Figure 3. High wind speeds w
ridge lovel and reduced stahility in the wpper altitudes of the val-
loy e associated with low drainage depths. Strong qown-valley
winds appear to obscure local drainape winds because of the
associaled pressure gradionts and tarbnlence, Up valley winds
oppose the drainage wind and thus the results are more defini.
tive, From Figuee 3, the results supgrost that an up-valley ridge
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Fig. i Seatter diagram of the transition base height abserved af
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wind speed of 8 to 9 m/s (tower Froude number = 0.3 to 0.6) is
sufficient to totally dissipate drainage conditions. The present
data basc is not adequate to determine what maximum cross-
valley ridge wind is sufficient to eliminate the drainage wind.

The correlation between the external wind above the valley
and the transition height does not explain ail the variation in the
transition height. Only about 47.5 of the variance is accounted
for by the external winds. Thus other physical mechanisms must
be contributing Lo the height variations.

1.3, Along-Valley and Cross-VYalley transition layer circulatiops

The transition layer is displayed in Fig. 4 by means of streim-
linos it the vertical plane that is oriented along the valley axis.
The stream function is derived from doppler lidar measurements
of the along-valley wind component with a resolution of 300 m
aleag valley, and 0.4 degrees of arc in the vertical and cross val-
ley directions. The abscissa in Fig. 4 is expressed in terms of
{300 m) range gates up-valley from the lidar site which is 4 km
from the valley mouth. Hence the cross sections cover a length
of Brush Cieek from about 10 km 10 6 km above the mouth. The
stream function at a given range g~te is derived hy integratirg
upward the velocity values from the sean in the valley center
using

z

W)= [ u(od g)
The plots in Fig. 4 are numerically interpolated isolines of v
for sclected hours on each of four nights taken from an ensem-
ble of plots that includes hourly abservations between 2300 and
1000 MST. The three nights with upvalley winds at ridgetop
show remarkably similar streamline patterns. Avoparent subsi-
dence Is conslstent through moest of the observed length o val-
ley but is oiganized In a multi-cellular pattern. It should be
noted that thia stzeam function displays a three-dimensional flow
as a two-dimensional representation. An apparently subsiding
streamline merely reflects enhanced volume flux downwind and
helow the point of observation. This caleulation does not distin-
guish true subsidenee from lateral volume flux into the plane of
observation (e.g. from tributary canyons).

The axis of maximum ¢ represents the top of the drainage
layer or base of the transition layer as defined in Section 2. [n this
ficld we see that there is about 150 i of weak velocity gradient
above and below the axin, "This region comprises the longitudinal
cirenlntion cells of the transition layer, 'The drainage wind helow
these colls appears to strengthen systematically in the down-
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*Average

Grand Junction

Date PNL Valley L*/L1 Cloud Cover [Tenths) Cloud
1984 Experiment Drainage Depth Average Range Average Range Types
Sept. 16 17 { <50 .08 .12 0.04 <1 0 Unknown
17-18 n 580 [INK! 014 011 0 n None
18-19 (-2575) (1NN 0,14 0.08 2 0-8 i
19-20 1 590 ni2 013 04l 4 n7z C'hAe,Ci
20-2) Nome 0non 1y 004 [} 410 Ch,Se,Ac i, Ca
21-22 (<:300) N og 011 0.01 5 0-10 Ch,Cu,Ac,Ci
2N {- 20n) ni2 015 0.0 1 0-7 Cn,Ac
27-214 A None NNy n 12 n.04 h] naAa Se,Cn, Ci,Ce
2425 None nn a1 o0 i n 10 Sc,Ac
25-26 1 A nil 018 010 [} 110 Ac, (1, ("
527 («450) on7 .14 0.04 5 210 Se,Ae, (i
27 2R 1 None 015 017 DM 2 04 Se
28-29 None 0.1m 020 0]R 0 0 Nane
29-10 5 490 ni7 09 0.5 0 0 None
N O | GA <260 0o 06 o " 610 Ch,Ci Ae
12 Nape nng nim 00l 10 910 Se,('u Ar
21 (<470} 011 (16 000 T 110 Se, A, e ()
1 None nng nng nng 10 10 Sc
45 None nns noy nal 10 10 S, Ac
5 T STn 105 nagonne N nY S, A i

CAverage PPNL Dreainage Deprhie Average between 2200 M3 and 0600 MST

< Meights wirthan { ) are extimatens from Tower Fronde number.

Brush Creek

Weather

Rw- Thanderstarms<(F)
Rw T Weak FROPA
Windy;SW Winds
Windy; SE Winds
FROTA

FROPA;Windy NW Winds
Windy NW Winds

Rw-;T;Sqnall Line
T:Rain

Rain
Rair
RW-.T

Table 1. Averagge PNL Drainnge Depthe, Valley Average Angatromn Ratlo,

Grand Junetion Claud Cover and Types and Brush Creck Weather

valley direction and shows little sign of undulations. On October
G (Fig. 4d) the ridge top wind was down valley, parallel to the
drainage, so there is no reversal in the vertical gradient of v
Thern is an apparent chanre in character near the ridge line,
where the external wind is stronger than that within the valley,
Also, there is a suggestion of ‘ertical undulations of the drainage
streamlines,

Cross-valley circulation is a rajor way for the ambient wind
field to be imposed upon the valley drainage domain. There are
a number of mechanisms that could produce interactions at var
ious intensities, and most of these would present a charactoris-
tie signature in the vertical profile of the cross-valley volocity
component.  We have selected erossovalley wind profiles from
tethersondes as our diagnostic parameter for this analvsis, Frie.
tional separation of the boundary layer can produee o variety
of cross valley circulations, particulaly Gor steep wallsd valloys,
Lee et al. (1981) show wind tannel results in which a major cir
culation fills a sinusoidal valley with a widih to depth ratio of
L7, similar to Brush Creek, For wider, shallower terrain sueh o
dramatic separation eddy is not observed. The top of the [ruysh
Creck sidewalls are quite sheer elifls; and certimnly some separa-
tion occurs, creating a wake of a few hundred weters depth near
the ridge level, This should enhanee mixing in the transition
region when a cross valley component of more than a few meters
per second is presest in the anthient flow. During the eases that
we have analyzed the atmosphers within and above the valley
is stably stratified, and this gives rise to another elass of eross
valley circulation phepomena, internal waves  Loe ef al. (1987)
deseribe the character of wave induced cross valiey cirenlations
in termy of the ratio, A/10, the wavelength of the internal wave
divided by the ridge-to ridpe width of vhe vellow, When VU G
small, short waven will separate at the rvidge and travel across
the top of the valley, eontriliiting, perhaps, to the flnetuations
within the friedonal wake, Whew AW s mnch Larger than wuity,
separation will again ocenr p1 the upstream vidge, and the am
bient low will skip across the valley, feaving the nteruat domain
soniewhat undisturbed. However when A/ 1 the Jer wave
pattern will bein tesonance with the tervain <o, and the am
Bient flow wi'y readily inviade e vatley Another e baiian we
stiggest is upwelling in a form very similar toowaind dovven cipenla
tian in a hady of water, I the conditions aren™s apgopiiate for

cither direct injection of ambient air (c.g. lee-wave
resonance) or vigorous entrainment at the transition layer in-
terface, then the ambient wind flows across a decoupled volume
of cold, dense valley air. Stresses induced al the interface will
create a circulation within the dense fluid with upwelling at the
upwind ride of the valley.

The mass flux in the valley as revealed by streamlines in
the x-z plane depends on a cellular structure in the transition
region. Circulatlon cell ceriters and the areas of subsidence are
distributed all along the segment of the valley that we stadied
but there were a few sites of preferred occurrence. The 0.6 km
segments between range gates 21-19 and 17- 15, for example,
showad an enhanced frequency of apparent subridence (mass
influx).

We have fooked for evidence of some of these mechanisms
in profiles of crors valley wind componeut from two tetherson-
deg, the Los Alamos Site 10 km above the valley mouth and
the Pacific Northwest Laboratories site near the valley mouth.
The valley is wider at che PNL site, giving us a chance to ob-
serve differences due, perhaps, to different A1V values. Fig
ure § shows profiles for the two sites for three nights along with
postulated circulations that would produce these characteristic
profiles. The PNI, site acemna to have more vigorous circulations
than the Los Alamos tothersonde site with some suggestion of
additional shallow induced circulations helow e main one.

Cross valley cirenlations of magnitudes betwesn 10 and
200 m™ /s appear to be induced by ambient flow across the top of
the valley, If Jiese cireulationn operate in a helix as the drainage
fluw travels down valley we would expret a cirenlation of abont
10% to 10" m%/5 over a 10 km length of valley, This is the same
order of magnitude ax the drainage flex down the valley.

J. ONCLUSIONS

An analysis of the base height of the transition bayer above
nocturial deabnage in Brush Creek Valley during nine nights of
Uhe 1984 and 1982 ASCOT field program iwdicates that the tran
Gition height varien with the above valley external wind speal
atrd direction, rotors and sddies, anmd 1o lesser extend with
clondiness and gravity waves,



The external winds above the drainage layer account for
47.5% of the variance in the transition height. Rotors and ed-
dies may account for most of the remaining variahility,

The streamline patterns ol Fig. 4 have the potential of dis-
torting a materjal surface that may exist within the valley. Verti-
cal velocities of 0.5 m/s or more exist over about 0.5 kin segments
of the valley length. Air passing throagh this system can change
altitude by 50-200 m in the 5 to 10 minutes it would take to
traverse a particular cell of the pattern.

The cross valley circulations are qualitatively consistent with
observations in wind tunnels and stratified towing tanks for simi-
lar geometry and flow conditions. The most common circulation
is a shear-induced helix created when the ambient flow separates
at the upstream ridge and flows across the top of the cold dense
valley air. This should distribute tracer material of pollutants
throughout the confined valloy regime fairly effectively. On one
night the cross-valley flow appears to follow the terrain quite
well at both the LANL and PN, sites.

The implice tion of these results is important with respect to
how the dynamic and variable transition layer affects the noc-
turnal valley mass flux or the drainage strength. The results
suggest a method for estimating average transition heights and
drainage strength for non-experimental nights during the period
July 1982 to January 1035.

Future modeling of drainage winds should incorporate the
external wind effects and cloudiness. Future field experiments
on drainage conditions should be designed to take continnous ob-
servations of wind and temperature profiles, cloud and weather
observations, and long-wave radiation during all weather condi-
tions in order to obtain a better data base on the variation of
the nocturnal transition layer.

CHES VALLEY BiNieh L
LANL ETUERTIONNY. DATE, Avmgn twd aion w f

CHES VALLEY WIRIAPEED
LANL THTHHIEONTE DATE. Rqam 3 TIME DAON 5T

i - ? ‘
- L ol I
- _i<‘\_ :
N U T
NN \ 14 S { /9
Tl D \ ~ 8 o] ' .
§ \\ N _.‘. / } ~ ‘f'
- : \ ‘.o i AR )
N -l O
- \ AN ‘:’ ,__]i & ..1:;
N n .

T % AV \‘5?§'"-. S

CROE VALLYY ®iiniss

PHL-Y IEDICIONTE. DATY. Moot &4l ora) MT

D ST 1
IMPEARIINY w0

CHRIS VALY mininl D
PHE Y TITUOMENIY DATE A4 TME D414 wit

- - -
- ’_/‘ - ...' g N
- N N X < - AL
Ot i v ! /
l: \\\\\\ |&. ' ( T\ L -
) -\\\ koo \ )
S 1
- '-, -l I
- \ | §
i \\\\ ;_l [ l \\\\ %
Ry Nof
R T R T A +

R
TR EY e DA

Fig. 50 Seleeted erosa sallov wind profiles with postulatod stream
Fine patterns that would e consistent with the profiles,

ACKNOWLEDGEMENTS

The authors are indebted to John Archuleta and Shu-Jung
Huang who wrote the programs to extract and process the data.
The data base that we used in our study has contributions from
all of the participating groups. This research was performed un-
der the auspices of the U.S. Department of Energy. Los Alamos
Natioral Laboratory is operated by the University of California.

REFERENCES

Clements, W, and J. Archuleta, 1987: Mean Physical Properties
of the Nocturnal Along-Valley Wind in Brush Creek, Colorado,
Proc. Fourth Conf. on Mtn. Metcorol. AMS, Boston, MA.

Davidson, B., P. K. Rao, and S. Jaffe, 1958: Preliminary report
on valley wind studies in Vermont, 1957. AFCRC-TR-58-29,
Final Report, Dept. of Meteorology and Oceanography, New
York University, New York, New York.

Gudiksen, P. 1985 Categorization of nocturnal drainage flows
within the Brush Creek Valley in Western Colorado and the
variability of sigma theta in complex terrain. UCID-20414,
Lawrence Livermore National Laboratory, Livermore, Califor-
nia.

Intera Environmental Consultants L'1'D, 1976: Field study and
air quality repcit of the Roan Creek Meteorological Study for
the Qil Shale Joint Project participants. Repaorct to Cities Ser-
vice Oil, Getty Qil, Texaco, and Chevron Oil Shale Companies,
Intera Environmental Consultants 1.td, Houston, Texas.

Lee, 1. T., Lawson, R. F., Jr., and Marsh, G. L. 1987: Flow Vi-
sualization Experiments on Stably Stratified Flow Over Ridges
and Valleys: Final Report, LA-UR--87 127, Los Alamos Na-
tional Laboratory and EPA, Jan. 1098, 32 pp.

Lee, J. T., Barr, S., Snyder, W. H., and Lawson, R. k., Jr., 1981:
Wind Tunnel Studies of Flow Channeling in Valleys, Proc.
Second Conf. on Mountain Meteorol., Steamboat Springs, CO,
Nov., 1981, pp. 331-338.

Miller, D. H., 1981: Energy at the Surface of the Farth, Val, 27,
International Geoplhivsics Series, Academic Press, 162-163.

Orgill, N M, and R. 1. Schreck, 1985 An overview of the AS.
COT multi-laboratary field experiments in relation to dranage
winds and ambient flow Bull. Amer. Meteor. Soe., 86{10),
1263-1277.

Post, sl J. and W, D, Neff, 1086: Doppler lidar measurements of
winds in a narrow mountain valley Lull. Amer, Meteor, Soc.,
a7(3), 274.281.

Whiteman, C. D., K. Jo Allwine, Jo M. Hubbe, I Toote,
M. M. Orgill, and L. J. Fritschen, 1987 Radiation and surface
energy budgets for a Colorado Valley, Proc, Fourth Confoon
Min, Moeteorol, AMS, Boston. ",



